Design and Fabrication of Multi-Crystal Holders (MCHs)
MCHs were developed to meet the following requirements: 1) minimal UV-background, 2) a larger size than commercially available mounts to hold substantial amounts of crystals, and 3) compatibility with the SAM robot system for robotic exchange during the diffraction experiment.
Initial MCH prototypes were fabricated at the University of Pittsburgh, Swanson School of Engineering using a commercially available Stereo Lithography Machine, a 3D Systems Viper High Resolution SLA and Somos 11122XC Resin. The pointed end of the diamond shaped MCH was necessary to penetrate a crystal containing drop and mount crystals without drop displacement. Despite the success of the first-generation 3D-printed MCHs, subsequent generations of MCHs were manufactured by micron laser technology (Oregon, USA) from Mylar sheets (McMaster Carr, IL, USA) of 50 µm thickness (Fig. S1A, B) . The laser-cut MCHs had better defined reference features (fiducial marks for crystal positioning), and were resilient to the physical manipulation during the crystal loading process. MCHs were affixed using epoxy to the end of a standard Hampton Research base-pin assembly for robotic exchange (Fig. S1B) .
Macro parameters for detecting crystals on MCHs
UV microscopy images were loaded into ImageJ and brightness/contrast features were adjusted to highlight UV positive regions (Fig. 1B and Figs. S1, S2). Images were subsequently processed using a macro developed in our laboratory. Sample input parameters for our macro are listed below:
run("Smooth"); run("Threshold", "method=Huang ignore_black white setthreshold"); setThreshold(40, 900); setOption("BlackBackground", false); run("Erode"); run("Analyze Particles...", "size=150-10000 circularity=0.25-1.00 show=Outlines display summarize in situ");
Modifications to brightness threshold, particle size, and circularity are critical to the selection of bright areas that indicate UV-visualized crystals, which are converted into crystal profiles ( Fig.   S2C ) and a list specifying crystal size and centroid position (in x-y jpeg pixel coordinates, see Table S1 ). The pixel coordinates of the four MCH reference points were identified in relation to the crystal coordinates ( Fig. 1B and Fig. S1E , red dots) through examination of a corresponding brightfield image (Figs. S1C and S2A, D). For larger crystals (Fig. S2D-F) , a library of masks was created to define spacing along a crystal to translate into unexposed crystal volumes. To utilize this feature, the macro was altered to allow for the overlay of the mask as follows:
run("Subtract...", "value=50"); run("Smooth"); run("Threshold", "method=Huang ignore_black white setthreshold"); setThreshold(30, 255); setOption("BlackBackground", false); run("Make Binary", "thresholded remaining"); run("Make Binary", "thresholded remaining"); run("Analyze Particles...", "size=40-2000 circularity=0-1.00 show=Outlines display summarize record in situ");
The minimum size was set to the same size (in pixels) as the mask size and circularity began at 0 since the mask creates square shapes. Coordinates for each distinct beam position were saved with an angular offset for helical data collection. crystals mounted at XPP endstation. Coordinates generated in ImageJ (see Table S1 ) were uploaded, and after identification of reference fiducial marks (red asterisks) and beam positions were assigned to each crystal (green boxes). D) Brightfield image, UV fluorescence image, and F) Enzymatic activity analysis after 2-hour incubation at room temperature in the presence of 100 µM dGTP substrate was performed by monitoring total deoxyguanosine product using reverse-phase chromatography for wild-type (blue), Y272A (purple), E129A (green) and H126A
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(red) dGTPase enzymes. The representative chromatogram indicates that the activity of dGTPase mutants is significantly decreased when compared to wild-type enzyme.
G) Enzymatic activity of individual dGTPase constructs. Representative reverse-phase HPLC
chromatograms illustrating the amount of deoxyguanosine (dG) product attained after 5 (red), 10 (green), 30 (purple), 60 (blue), and 120 (orange) minutes of incubation at room temperature in the presence of 100 µm dGTP for wild-type, H126A mutant, E129A mutant, and Y272A mutant constructs. Wild-type enzyme is capable of producing an order of magnitude more dG product after 5 minutes (red line) than the mutant constructs after 120 minutes incubation (orange lines).
H)
Comparison of dGTP with models of dTTP, dATP and dCTP binding to illustrate that active site residues can form four hydrogen bonds with the amide and ketone groups of dGTP but not with the other NTPs where one interaction is observed at best. Supplemental Tables   Table S1 . Example of crystal coordinates and fiducial marks derived from ImageJ for MCH represented in Figure 1 . 191.9, 191.9, 286.9 192.3, 192.3, 291.0 191.2, 191.2, 298.6 191.6, 191.6, 292.9 192.2, 192 
